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Global fire models

Global	fire	occurrence	

Weather,	live	vegeta1on,	dead	fuel,	human	
popula1on,	land	cover,	etc.		

e.g.	BA	=	climate	*	fuel	*	humans	

Empirical	global	fire	models	 Process	based	global	fire	models	

Upscaling	to	gridcell	level	

Modeling	individual	fire	spread	



Process-based models

Rabin	et	al.	(2018)	



Global fire models over the years
and more…



The Fire Model Intercomparison 
Project is born
•  Led	from	KIT	by	S1jn	Hantson	(now	UC	Irvine)	and	
Prof.	Almut	Arneth	
•  First	workshop	September	2014	



FireMIP goals & expected outcomes

•  Test the ability of models to reproduce current patterns 
and historical trends of fire occurrence and impacts

•  Compare models’ performance to identify which 
model structures seem particularly useful, and where 
more development should be focused

•  Generate estimates (with uncertainty) of fire patterns 
and trends in the deep past (LGM), 20th century, and 
21st century



FireMIP principles

• Unified	input	data	for	climate,	CO₂,	popula1on,	and	
lightning	
• Observa1onal	data	for	evalua1on	should	be	
independent	of	any	models	
• Benchmarking	a[er	Kelley	et	al.	(2013)	for	
standardized	comparison	metrics	



FireMIP phase 1

•  Focus	on	1901	to	present	
•  Transient	1700-2013	runs	with	1me-evolving	input	
data.	
•  Sensi&vity	runs:	
• World	without	fire.		
•  Pre-industrial	fire	regime.		
•  Pre-industrial	atmospheric	CO2.		
•  Fixed	human	popula&on	density.	
•  Fixed	1901-1920	lightning.		
•  Fixed	1901-1920	climate.	
•  Fixed	1700	land	use.	

Rabin	et	al.	(2017,	Geosci.	Mod.	Dev.)	



Model structure comparisons

Rabin	et	al.	(2017,	Geosci.	Mod.	Dev.)	



Burned area trends

Hantson	et	al.	(in	prep.)	

Range	of	
satellite	records	



SpaFal paGern of present day burned 
area
•  Most:	Too	much	BA	in	

tropics,	not	enough	
elsewhere	

•  Too	much	BA	in	Med.	
Basin,	W.	USA	

•  Too	much	BA	in	S.	
America,	too	liale	in	
Africa	&	Australia	

Hantson	et	al.	(in	prep.)	



Benchmarking (Kelley et al., 2013)
•  Quantify how well a model performs across a comprehensive range 

of important processes. 
•  Take advantage of the large number of global datasets to evaluate 

key processes in DGVMs.
•  Allows identification of model weaknesses and processes that 

require improvement.
•  Allows model inter-comparison.

•  Using specifically designed metrics to quantify differences between 
model and observation (Kelley et al., 2013, BG).

       Normalized mean error:



 burnt	area	
	 fire	C	
emission	

	
fire	seasonality	

	 carbon	in	
vegetation	

	 GFED4s	 GFED4	
Inter-annual	
variability	

	
GFAS	

	
concentration	 phase	

	 Avitabile	et	
al.	2016	

mean	 1	 1	 1	 1	 1	 	 1	
random	 1.18	 1.14	 1.3	 1.21	 1.33	 0.43	 1.33	
CLM	 0.64	 0.69	 0.96	 0.82	 1.4	 0.44	 0.72	
CTEM	 0.78	 0.85	 1.27	 0.94	 1.16	 0.44	 0.9	
JULES-INFERNO	 0.69	 0.77	 1.21	 0.78	 1.44	 0.47	 0.89	
JSBACH-SPITFIRE	 0.78	 0.89	 0.86	 1.00	 1.32	 0.43	 	
LPJ-GUESS-GlobFIRM	 0.75	 0.71	 1.05	 1.72	 	  0.81	
LPJ-GUESS-SPITFIRE	 0.84	 0.98	 0.89	 0.95	 1.07	 0.39	 0.72	
LPJ-GUESS-SIMFIRE-BLAZE	 0.83	 0.98	 1.29	 0.97	 1.34	 0.43	 0.71	
MC2	 0.8	 0.79	 0.88	 0.96	 	  0.85	
ORCHIDEE-SPITFIRE	 0.69	 0.82	 1.45	 1.18	 1.05	 0.38	 0.73	

	

Benchmarking results

Hantson	et	al.	(in	prep.)	



Spinoff papers

• Paaerns:	Emissions,	seasonality	
•  Sensi1vity	runs:	Drivers	of	fire,	diagnosing	model	
behavior	
• Regional	analyses:	Boreal,	Mediterranean	
•  Fire	impacts:	Vegeta1on,	fuel	consump1on,	water	
cycling	
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